Cell density downregulates DNA synthesis and proliferation during osteogenesis in vitro.
The classical models of in vitro cell culture comprise fibroblasts and epithelial cells. Osteogenic cells represent another interesting cell model; however, it is not known whether during osteogenesis cell density regulates cell growth as seen in cultures of fibroblasts and epithelial cells. We selected MC3T3-E1 cells for study because they are an osteogenic cell line that, when subcultured, grow to confluence and form multilayers of cells in conventional cultures by continued proliferation, as do fibroblasts. Once maximum cell density is obtained, proliferation is down regulated resulting in a mixed population of quiescent and dividing cells. We used this model to determine whether downregulation of proliferation as expressed by cell number and DNA synthesis is cell density-dependent. MC3T3-E1 cells were cultured over a period of 34 days to determine their kinetics, viability, ability to synthesize DNA, distribution within phases of the cell cycle and cell number-response relationships. Our results show that (1) viability ranged between 92% and 96% and the cell number 2.5 x 10(5) per cm2 once cultures reached steady state, (2) most cells entered the G0/G1 phase of the cell cycle on day 7, (3) there was no correlation between the proportion of cells in S phase and downregulation of DNA synthesis, (4) a direct relationship exists between cell density and downregulation of DNA synthesis on day 8, (5) the minimum time for cells to be cultured before downregulation of DNA synthesis begins is independent of cell number, and (6) downregulation of DNA synthesis is reversible. These results suggest that density-dependent downregulation of DNA synthesis may be a mechanism of growth control for osteogenic cells in vitro that operates more like density-dependent growth control in cultures of fibroblasts rather than epithelial cells.